Learning pattern classification tasks with imbalanced data sets by Phung, Son Lam et al.
University of Wollongong 
Research Online 
Faculty of Informatics - Papers (Archive) Faculty of Engineering and Information Sciences 
1-1-2009 
Learning pattern classification tasks with imbalanced data sets 
Son Lam Phung 
University of Wollongong, phung@uow.edu.au 
Abdesselam Bouzerdoum 
University of Wollongong, bouzer@uow.edu.au 
Giang Hoang Nguyen 
University of Wollongong, giang_nguyen@uow.edu.au 
Follow this and additional works at: https://ro.uow.edu.au/infopapers 
 Part of the Physical Sciences and Mathematics Commons 
Recommended Citation 
Phung, Son Lam; Bouzerdoum, Abdesselam; and Nguyen, Giang Hoang: Learning pattern classification 
tasks with imbalanced data sets 2009, 193-208. 
https://ro.uow.edu.au/infopapers/792 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
Learning pattern classification tasks with imbalanced data sets 
Abstract 
This chapter is concerned with the class imbalance problem, which has been recognised as a crucial 
problem in machine learning and data mining. The problem occurs when there are significantly fewer 
training instances of one class compared to another class. 
Keywords 
pattern, classification, sets, tasks, learning, imbalanced, data 
Disciplines 
Physical Sciences and Mathematics 
Publication Details 
Nguyen, G. Hoang., Bouzerdoum, A. & Phung, S. (2009). Learning pattern classification tasks with 
imbalanced data sets. In P. Yin (Eds.), Pattern recognition (pp. 193-208). Vukovar, Croatia: In-Teh. 



















	 	$  			%
"	  	   ! &	     	
				 
'	("			$	"!
   	   "	      !  "
			""	!)%	 $	  	%
	!			 
		! "	 "  %	  	 	 $  	  	
			 			 % !
* %	  	% "	 	
		'	!			$	"
! +      % % "  !    
""				 !&			"
			"			
( "	  $	" 	    "!  	 
 "	    	! 









"	  "	  ! 	 2  	 		 







5  	    " "    	" 	 
			!+			!&	




	  %  ! 5   % ""  






 	" , 	" 	       	" , 	" 	
	!	"		"
	"			"'	!#	"	0
	   	$    






	%	 -99.7!  	/ "    	  	" 
"	  <5+ :		 6	  
  -9947!  , 
   		"    	  %	!
*"	 "	 	  
	(		 <5	
 	!= :	 	   " " 6=
:-9927!	 % 			 	
 	 "	   "	"	( 	 "	    
		,	"""	! 
+ $  %	%  		 %  
    !  / 		    	 	"
%/	/	/		%	"
 6>$	  -9987!    /   /  	 
$	 		"'6	!8?@?7 "
	   	  ' 	  	%" " 
   '!  + 	 "	 $   	"  /
  ! + $	 	%%""	"		"
"    	, 	" 	  6A		  B $ -9947!
	 % 	 , 	 "	   "	  	 " 













	 	 6 7 	,   	 	
6	7( "$	"		%
" "	   	! + "    	      	"  
  	        6>$	  
 -99-7!*  	%	 	 , 	   ,   $
"	  <5+ 		 	 %  	     	" 
   6*	%	-99.7!	   	








5	 	,   	 "	   "  	    
	! 5	 	,   		 	  % 	"  	" 
 !>$	 	"	






























































$	  	"" 	(	 %* 	 
	%		  6*-9917!
 	 	    "	     $   
 "	 '	  %%! &	 % 	 
%		!+	"	$	" 
		"/	!&	%	,





	   	 	        % 
	 	 	% 	  	! +  	   %  %	
	   %  		 	    %   / 






 	 %	   " "  	 	  '	 
	%	%	 	
	 % !  		/ 	 	/  	  	
%		 "		,	"6
7	",	"	/!;	"
  		/ 	   		  6>$	   ! 8??27! + 
  	$   	  	 "	    ,  
			"" '		
 	"  	! ;/  	  	  	 		/
"6)%>$	 -9997=#6:$B	 $-9917
	/ " 6	  5%	 -9927!    "	 	%
 	"  	   "       
"	 	 	 		 %! 		
	     " 	%     		 	  	  
	%!	 	 	
		""%		/!>$	 	 
	/  	 	 	%    	   
%6 	/7	6>$	 -9987!	 %		/
					
%












 ""    	" "	 	! ;  		 	 
			/%	6)$-9987!
 	/%  0 $ 	   "	 	 	
						"	 	!
 	 		", "	   ! +  	
	  "  	 	" "  	%    %
 			"	!5	/%	
$%	"  "   	,% 	" 	% 
  %    ! &	   	/	  	/
% 	    	 	 " %  	 " 	%
"		% 		%!
), 	/%  "	    % 	
 	""	!"			"	
	 	  	/% "	 ! ; ,  	/% 	 
		  6   -9917   $ 	 	 	 ! 
"								"!	
	   		 	" , 	/%  	   	%
	 	/% 	!  	 	$	   	/%/ 
"%	 	!#	
   	 6'	  ! -9947 	% / 	 	 
 (  	  	   %   	  	  !
C""    %  	D 






 	$ 6E	-9937!  "   	/% 	$
	/	%%				 	/
/ $!  	 % $  	 		  	 % 	  $!
5	/%	"		$	 !+
" 	 "		  	" %  	 	"  	   	"














  	 	 	"     
  /  	%/! </ ,    	"
'	  % 	 !</  
"	 / 	     	" '	   %  
	!	 % $
 /     	 		" "	%'	
""	!
+		%/  	"	  
65 !-99->$	 -99-7!%	"		
	    	!	 % 	%/	  	  $!
	  	%/ 				!
#		% " 	 	"     	  	    
	  "	"		    65  ! -9917!
	%/'		 	
		$	"!
C  "   	     "	 $  
		 		"	%
  6*  	%	 -99.7!  	  	   	 







+ %     	 	% %! % 
	  	 	 /  	%/ 0! ; 	" 
	 	%/ 	  #;) 6 #	 ;%/
)07 	"				 	/







+  /   	"   	 A  	/
 	$		""		/'	6A!
-9947!   	 		 	  %	 0	     	 		
		'			"%		"	
  =#!  	 "	% / 0  / /
 6A   -99?7! +  0   	 "	  
%   	 	% %  "	 	 !
A   	   	  	"	 	 /
0!A		B $						









 	 / % 0 0     
	"	!0"		0
"		  	 !% %
    	  , %! &	  $ 	" 	







"  ! 		 6& 8??37  6 8??37
 	 $	 /	!					
6$	% /	-99.7	%"		" $""	
	"			"",!			%	
  	    !   		 	  	 	"
    	  !),	"
	   		 	     	  #;)		
65 !-99-7C		/+#6	=$	-9917	/%		6
 ! -9947!  	C		/+#  #;)		 	% 		  	 
	  		 	! 	 %	 	% " #;)		   
	 	#;)	65 
!-99-7!
C		/+#		 6	=$	 -9917 			 
 	  	  	      ! 	 , 	
%		 C					"	
	%		%%	"	'		!
 	/% 		 	 "	 "	 	"    		 
6!-9947 "					!




  	 	"  / / 	! #	  
	     	D /  "	  %  
"					$
" 	 6 8??37! % 	  	  % 	" 
  		 "	 , 	  6:7  6	 B
-99@7  6  ! -9937 	%  #;) 6* A	
-99?7!+"	/
'			"!:%		D
$	"		  /'	 !	 %:




	!  + 		 	% "	    	%/ 
	  	! #;) 6*  A	 -99?7 "" "	
  	%    %	%    
 		!   % 	"       
		" 	  !	 %	




)%	 	 	  ! 	%
	!+"		"		%	
   	  	   	  	% !
		"			%"	6!!7!




 	%	 -99.7! "	 	  %  %	 	  "
"	 "	 !%	"		"	
  	 6	   	 7!   	// 	 	"	 , 
	 8!
  


















	%	%	  	 % 	 
  	  &/ % " 	 :;5 %





 "		"	% 6	7 	
		" 		%!















  "		"	6& -9937!
&/%"%"			!
&/F -  :  	
:G	
 
 	          
"	 	" 	   	  , 	   	! 
	6/7 6B# 8??47
%"	%"	6)$!
-994 B			  ! -994   	 -9947! /   










/  %  " 

 !"! % 	  6:;57    :;5
% 6<57    		 		 "	   	% "	
"	6*-9917!:;5	 	 "










   	" 	 	! 	 %     	 "  
	 "" "!     :;5 % 6<57  	 	
  "	 	"  " 	  !  <5 	 	 




 #$  	/ %    "		 %  
"	:;5%!:%	 	
"		%!
 "	  	% %	   	"   %	 % 





$ !*			  /<5$	
		 %""	6*		-99@7!	
	 	    :;5 % 	  	 ""   "" 	"





	 	 65 -9997!%  "		
"	"			!5			"%%	
  	      "	      	
&/%"/	<5	%"		
    	  	  	 	 	 	 6 













 %  	  	  '	    
		$!
			 	%%	
      	    	  " 	! + 
  		 	 	  "/"	  	$
 "		,%		!
	 		 	 %  $/		









  / 			%	! 
  %	 	 	"  "  	$     ! 






 	"		  	$	!

*   	"   	" ""   %  		
"	 	 	'%"	 	0! +  	/	 '	
"""			! 			""
	"	"/"	  	$!+	/	
 	 	 	  	   	"    ! 	  
%	 		,
			"'	!
     	  ! "	   	
 "	        % % ! *   
        	"  	  ! * 
	"	    	 % 	 
'	 	!" 
	 ,(	! " !
 	"!
, 











  /	"		%	  
 ! ""		 
 6.7
     	"          	"      
	"	"#D
     617

				"	$%	"/"	 
  	$     6C7     	 
%   6C#=7  $/		 6::;7  %/
# 0 6#7! * %     	  	 	
		  	 6





 	$ " 	 6
  ! -99@7 "	 	  	!  ::; 





   6	7 	%"	  !

.&$#	
+  	     		  	 	 "	 $ 	
$"	<5+		6	
 -9947!$
  % 	  *	 	     +







 "% "	      	" 	 "	!   	%
"					"			
	&/!





- .12 3 812I-99 8!.@
.	 822 8? .-I8-. .!@1
% 43@ @ -3@I299 8!@4
/
























  *   
*
   
*
 
- 4.!?8 41!4@ 33!2. 34!33 49!@9 48!4?
.	 ?-!99 ?-!34 @9!1@ @-!24 ?9!@9 ?8!32

'% @9!32 @-!-- 49!49 4-!88 44!39 4@!.@





  *   
#	/
::;
- 4?!99 4?!29 3.!12 31!@.
.	 @@!.. ?9!99 ?.!.. ?.!..

'% 4?!19 4?!@9 42!@2 43!?@
































































67      67
&!-!5			"::;#	/::;		"	




+  	   
       /   $ 	"  




  	 	    % 6/  		7  
	 % 6		/ 	 	/%   		7! *
		"%	%%		"
"	 	  !       	  	
%%	
 	"	 "/"	  	$!			
	,	!),	 		




'	 :! J =! 		 >! #	 :! K L >! 6-9947! +	% 
"	 	"  :&
 
 	$   +  %





5 :! 6-9997!  "	 +CD :$#  ), $,*
%#*-%'!	.	!28/24-999!
5  
! >$	  










#/ 	 ,* 01	* 2 &  	* &! .	
 




)$ !  >! 		 ! K  5! ! 6-9947!  	  	D %
















	 :! $ ! K 	 ! 68?@?7! 5	    	 	" 








! # 5! K $ #! 68??27!  




! K  ! 6-99-7  5 + 	D   !
%			
(31-?/11?!
B			#!!"C! !B	 ! !K ! )! 6-9947! 	
5	 %  "	  + C  % ! 
!	&&	!		!8/3-994!
B#!K# !68??47!5	"+D;/
	 % !  	* 		* %		 &  *
-!84?/8@38??4#	B"!
! N$ ! ,C! >!#!=$	% !KC:!!*! 6-9917!5	/
5" )%	 "	 + 	 % !  ,* 06	*
%		 #*  .		 ! .
		 		 	 ! 	* 7	*







	 %		 &  * - ! 3? ""  5
-9915#!





!=!#!)!K	$ ! 6-9937 #
 "	 + C "	  	 C	  !
&	.*!-(-913@/1?1!
 A! K  )! 6-9947! 5	 )%	 # "	  	

















:$ !KB	 $! 6-9917),:/ "	 =#D 5 !&
.#!!$	+		(339/3?!






	 )! >! K 5%	 ! 6-9927 5	 	/ " "	 	 	%









= !K:! 6-9927!  )"" 	" +C5C	 	 &













* 5! ! K 		 >! 6-99@7!  
  )%	 # "	 + C %
!  ,* .	* 		 & ! -4/.- 
	-99@5!
A !/>! K  A!/! 6-99?7 5/ </ 	 "	 +
CC	!$	.
	+	*	(.3248@/24-4!
A		B!KB $ ! 6-9927!<%	 	 :	% C









E	 E!/! K  M!/A! 6-9937  5	/% 
 
 	$   #	
5+	!%$$$,	 +!!!
$(8@3./44!

